Background: A comparative effectiveness intervention by this team improved initial fecal occult blood testing (FOBT) rates from 3% to 53% among community clinic patients. The purpose of this study was to evaluate the effectiveness and costs associated with a literacy-informed intervention on repeat FOBT testing.
Introduction
Colorectal cancer screening rates remain persistently lower among adults who have low socioeconomic status, limited health literacy skills, minority race/ethnicity, and/or live in rural locations (1) (2) (3) (4) (5) (6) . Improving colorectal cancer screening in these populations is a public health objective (7) . Fecal occult blood tests (FOBT) offer an effective, more acceptable, lower cost screening option for priority populations (8) (9) (10) (11) (12) . FOBTs are the primary mode of colorectal cancer screening throughout the world and in areas of the United States where access to gastroenterologists and colonoscopy is limited (13, 14) . U.S.
clinical guidelines recommend annual FOBT screening as an acceptable screening modality (1, (15) (16) (17) (18) (19) (20) .
The National Colorectal Cancer Roundtable has highlighted the potential for Federally Qualified Health Centers (FQHC) to improve colorectal cancer screening among the 20 million individuals who receive care at these centers (21) . Recent studies have shown promising results in increasing initial colorectal cancer screening rates using FOBTs in urban community clinics, state wide family practice networks, and healthcare delivery systems (8, 9, 11, (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . Strategies to improve initial rates of colorectal cancer screening have included patient-directed interventions (written materials, DVDs, mailed FOBT kits and reminders, telephone counseling, use of clinicbased nurses, medical assistants, and health educators) and physician-directed interventions (chart stickers, electronic reminders, academic detailing; refs. 11 and 22-32) .
Encouraging annual FOBT is difficult (19, (33) (34) (35) (36) . In one state health plan, less than half (44%) of patients completing an initial FOBT completed a repeat test the following year (19) . Medicare claims data indicate very low rates for annual (repeat) screening and only slightly higher rates of biennial FOBT use (37) . Only 18% of Medicare beneficiaries in Kansas completed at least one FOBT in a 2-year period and 4% completed a test annually (37) . In a recent study assessing screening in a private healthcare system, rates of eligible patients being current with colorectal cancer screening by any means over 2 years ranged from 26% with usual care to 65% with nurse navigation (30) . A national V.A. retrospective analysis of 5-year adherence to FOBT found 42% of eligible patients received one FOBT, 26% received 2 tests, 17% received 3 tests, and 14% received 4 tests (36) . In a recent retrospective analysis in a community health network, Liss and colleagues (35) recently reported that only 25% of patients, who completed an initial FOBT, completed a repeat FOBT within 18 months. Of importance, none of the patients (0%) with 0 clinic visits completed a repeat FOBT, indicating a need for interventions that do not involve face-to-face interactions between patients and providers.
The authors recently reported on a literacy-informed comparative effectiveness intervention targeting low income and uninsured populations who received care at one of eight FQHCs. First-year (initial) FOBT completion rates improved from 3% to 39% with enhanced care, 57% with an intervention that included literacy-appropriate educational tools and 61% with the educational tools and additional nurse support (P < 0.012; ref. 31) .
The objective in this report was to compare the effectiveness of interventions designed to increase adherence without requiring face-to-face encounters with a provider on repeat FOBT testing 1 year after initial testing. Our secondary objective was to evaluate if these interventions were cost-effective and hence potentially sustainable by the FQHCs.
Materials and Methods

Study design and sample
A 3-arm, quasi-experimental (i.e., based on randomization of sites, but not patients within sites) comparative effectiveness evaluation was conducted among 3 FQHC networks in predominately rural areas of Louisiana between May 2008 and August 2011. The study team determined that randomizing patients within an FQHC network was not an optimal study design, because of the diffuse nature of interventions and concern of contamination among patients who belonged in a network FQHC that shared providers and staff. The target population was the 5 FQHC networks in predominantly rural north Louisiana. Three FQHC parent networks participated in this study and were assigned to 1 of the 3 study arms by simple randomization (the other 2 network FQHCs were involved in cancer screening programs at the time). The study statistician (AR) generated the allocation of parent network to arm by using computer generated random numbers. At the time of randomization, each participating FQHC parent network was affiliated with multiple clinics, which were assigned to the same study arm as their parent network. This resulted in 2 clinics in the enhanced care arm, 2 in the educational strategy arm, and 3 in the nurse support arm. After the first year of the study, one additional clinic was enrolled in the enhanced care arm because of limited patient recruitment in this arm. The 8 clinics were located in 8 towns in 7 parishes across the state. Baseline rates of colorectal cancer screening at each clinic ranged from 1 to 3 percent.
The three study arms included. (i) An enhanced version of usual care where patients waiting for a schedule appointment with their provider received a recommendation for colorectal cancer screening and an FOBT kit with a stamped envelope addressed to the clinic. (ii) A literacy-informed educational intervention where, beyond enhanced care, a clinic-based research assistant gave patients brief structured education that included risk factors of colorectal cancer and the benefits of screening annually, using a pamphlet written on a fifth grade level and short video to illustrate key points. The research assistant also demonstrated how to do the test using the simplified written instructions and used teach back to confirm patient understanding. (iii) A nurse manager strategy where patients received enhanced care and a designated clinic nurse provided the literacy informed education and followed-up by telephone using motivational interviewing (38) .
Participants
In year 1, patients were recruited through a multistep process. First, while taking patients' vital signs, a medical assistant at each clinic identified potentially eligible participants by the age listed in their chart. Medical assistants were trained to ask patients age 50 or older if they would be willing to talk to an onsite research assistant about participating in a colorectal cancer screening study before their physician encounter. Patients aged 76 to 85 years were included per the request of clinic directors. Further eligibility included: (i) English-speaking, (ii) enrolled as a patient in the clinic, (iii) not requiring screening at an earlier age according to American Cancer Society guidelines (1), (iv) not up-to-date with United States Preventive Services Task Force (20) colorectal cancer screening recommendations (i.e., an FOBT annually, flexible sigmoidoscopy every 5 years, or colonoscopy every 10 years), (v) not having an acute medical concern (i.e., medical staff believing patients too ill to be interviewed). All participants were consented before data collection.
At enrollment, 1,055 patients were identified as meeting age criteria, of these 33 (3.1%) refused to participate and 61 (5.8%) were ineligible because they were up to date on colorectal cancer screening. A total of 961 patients were consented and enrolled, with a determined cooperation rate of 91.1%. A total of 512 patients completed the initial FOBT within 1 year. Of these, 51 had a positive FOBT and received a provider referral for a colonoscopy and were therefore not eligible for a repeat annual FOBT. This article focuses on the 461 patients who had an FOBT in year 1 with a negative result and would therefore qualify as being eligible for a repeat annual FOBT. For the overall study, the primary outcomes were initial and repeat screening, and power calculations were originally done for each outcome. The Louisiana State University Health Sciences Center -Shreveport Institutional Review Board approved the study.
Instruments
A structured survey that included patient demographics and literacy assessment were administered orally in year 1 at enrollment. A more detailed description of the survey has been reported previously (39) . Literacy was assessed using the Rapid Estimate of Adult Literacy in Medicine (REALM; ref. 40) . Raw REALM scores (0-66) can be converted into reading grade levels (<61, below ninth grade reading level, an indicator of limited literacy) and (!61, ninth grade reading level or above, an indicator of adequate literacy).
Theoretical framework
The intervention and its components were designed following health literacy best practices and the healthlearning capacity framework for understanding the cognitive and psychosocial skills patients need to effectively manage their health (41) (42) (43) . The Health Belief Model and Social Cognitive theories guided the framing of intervention content to address the salience of colorectal cancer screening and the need to take action (44) (45) (46) . The healthlearning capacity framework guided the intervention design and development. This framework deconstructs patient roles and minimizing the cognitive demands and perceived difficulty associated with obtaining and completing an FOBT. This can be achieved through understandable information that explains the importance and benefits of annual screening, coupled with explicit instructions that simplify the tasks necessary to properly complete and return the test. All arms were designed to overcome key patient colorectal cancer screening barriers such as access to tests, lack of recommendation, and not receiving prompting annually. The educational strategy and nurse support arms were designed to additionally address limited knowledge, negative beliefs, poor selfefficacy, complexity of independently completing the test, and lack of motivation. The education materials were developed in collaboration with patients, providers, and our community advisory boards to help insure they were useful, understandable, appealing, and culturally appropriate (31) . The nurse arm was included as an intervention strategy to determine the added benefit of more in-depth counseling and telephone follow up support to encourage FOBT completion.
Interventions
Year 1 and 2 interventions, both stepped intensive strategies, are illustrated in Fig. 1 . Ethically, to ensure all patients received an FOBT annually, there was no pure usual care control arm either year. All year 2 interventions were designed to increase repeat FOBT completion without face-to-face contact with a provider. The clinic inservices and training of the clinic-based research assistants in year 1 have been reported previously (31) .
Enhanced care arm (using mailing). Twelve months after the initial FOBT was returned, the central research assistant located at the academic medical center mailed a letter from the participant's clinic to remind those who had a negative initial test that it was time for their annual FOBT test and that a kit would be mailed the following Patients returned the FOBT to the clinic by mail using a preaddressed stamped envelope. Regular clinic protocol was followed for positive test results and if diagnostic testing was needed. In year 2, the central research assistant was hired and trained to mail patients the study materials. Literacy-informed education arm (using mailing). Twelve months after initial FOBT was returned, a central research assistant mailed a reminder letter from the patient's clinic and the following week mailed the FOBT kit with the same simplified FOBT instructions and pamphlet the patient had received at enrollment the previous year. Patients returned FOBT kits to the clinic by mail using a preaddressed stamped envelope. Tracking and follow-up were done in the same manner as the enhanced care arm. This research assistant training was the same as in the Enhanced Care Arm.
Nurse support arm (using mailing and telephone follow-up support). Twelve months after the initial FOBT was returned, the nurse mailed patients the same materials as those received the previous year. If patients did not return their FOBT results, the nurses followed up with a supportive phone call within 2 weeks and again in 1 month to identify and problem-solve barriers, as well as motivate them to complete the test. Patients returned FOBT results to the clinic by mail using a preaddressed stamped envelope. The nurse recorded and tracked all results. If results were positive, the nurse manager called patients to discuss results, facilitate appointments with their primary care provider and if indicated, schedule patients for a diagnostic colonoscopy at the appropriate treatment center. The nurse manager training included health literacy communication and motivational interviewing techniques, use of a tracking system, and a protocol for mailing materials to patients, contacting them by phone and assisting them with navigation if a test was positive.
Outcomes
The primary outcome was completion of a repeat FOBT within 12 to 18 months of the initial negative FOBT. Repeat screening was documented by the clinic nurse (enhanced care and education arms) or study nurse (nurse case manager arm).
Statistical analysis
Repeat FOBT completion rates were defined as the percentage of patients who returned a second FOBT to the clinic within 12 to 18 months after returning their initial FOBT. The denominator for all analyses is 512 patients completing the initial FOBT. To examine whether patients in study arms differed on baseline characteristics, analysis of variance was used for age and chi-square tests were used for categorical factors (age categories, gender, education, race, marital status, and literacy level). Screening ratios were defined as the ratio of repeat FOBT completion rates between 2 arms. Both screening ratios and pairwise tests for FOBT completion were calculated using generalized estimating equations that accounted for clustering by clinic. Multivariate analyses adjusted for age, race, gender, and literacy level.
Cost-effectiveness analysis
Incremental costs for the repeat FOBT for the nurse case manager arm over the enhanced care arm were 40% of 2 nurses ($106,280) and cost of pamphlets ($600). Costs and number screened were normalized to the enhanced care arm to account for differences in sample size. The incremental cost effectiveness measured as incremental costs per additional person screened, was calculated as the total difference in cost of the nurse arm and enhanced care arm divided by the total number of additional persons screened in the nurse arm. We have used this approach to determine costs and cost effectiveness previously for colorectal cancer screening promotion studies (31, 47) .
Results
Baseline characteristics of the sample of participants who completed initial FOBT screening are compared among arms in Table 1 . Participants ranged in age from 50 to 85 years. About 75% were female and 31% lacked a high school diploma. The majority (63%) were AfricanAmerican, over half (51%) had limited literacy (i.e., read < ninth grade level). There were significant differences across arms for race/ethnicity, marital status, and literacy.
In year 1, 53% of all eligible patients enrolled in the study completed FOBT screening. Of the 461 patients who completed an initial negative FOBT, 46% completed repeat FOBTs (see Fig. 2 ). Repeat FOBT screening rates for the 461 patients with an initial negative test were 37.6% in the mailed enhanced care arm, 33.1% in the mailed education arm, and 59.1% in the nurse support arm (P ¼ 0.01; Table 2 ). When adjusting for age, race, gender, and literacy, patients receiving nurse support were 1.46 times more likely to complete annual repeat FOBT [95% confidence interval (CI) 1.14-1.86; P ¼ 0.002] compared with those receiving education. They were 1.45 times more likely to complete screening than those in enhanced care but this was not significant (95% CI, 0.93-2.26; P ¼ 0.10). When screening ratios among arms were investigated by literacy level, the nurse arm was significantly different from the education arm both in the limited (P ¼ 0.0003) and adequate literacy groups (P ¼ 0.0001; Table 3 ). In comparison to the enhanced care arm, the incremental annual program cost per additional person screened for the nurse arm was $2,450 (Table 4) . Of the 83 people in the nurse arm who did not return their FOBT, 46 (55%) were reached after one call. For the remaining 37 people, no contact was made after 3 calls.
Discussion
To the authors' knowledge, this study is the first evaluation of the comparative effectiveness and costs associated with health literacy directed interventions designed to improve repeat annual FOBT screening among predominately rural community clinic patients. The repeat interventions were designed without the need for a clinic visit. Slightly over half (53%) of study participants underwent an initial FOBT test within 3 months of enrollment. Among those with a negative test, 46% completed repeat screening the following year. Repeat screening rates were highest among patients who received the educational intervention with telephone support and follow-up by the nurse manager, and were significantly higher than rates in the education alone arm. Because of a smaller sample size in the enhanced care arm, similar differences between the nurse arm and the enhanced care arm only trended toward significance. The educational intervention followed health literacy best practices for imparting understandable and actionable information to promote colorectal cancer screening, yet in the second year, the illustrated, literacy and culturally appropriate pamphlet and simplified FOBT instructions mailed with a reminder and FOBT kit did not improve repeat screening over enhanced care (mailed reminder, kit, and standard instructions) overall or for participants in the low literacy group. This is important, as the strategy closely resembled several other interventions mindful of cost and sustainability that were effective at improving initial screening rates (8, 11, (23) (24) (25) (26) (27) (28) (29) . Several community clinic-based studies have mailed FOBTs to patients directly. Gupta (8) found mailed FOBTs with instructions and stamped return envelope and automated telephone reminder call coupled with "live" phone reminders for patients who had not completed screening within 3 weeks resulted in significantly higher FOBT completion (41%) than usual care clinic visit-based offers to complete screening (12%). Walsh found self-reported FOBT screening rates of ethnic minority patients improved from 8% in usual care to 15% with mailed FOBT and brochure to 24%with additional telephone counseling by a community health advisor (48) . In a stepped up intervention, Coronado found FOBT rates improved from 2% for patients in usual care to 26% for those receiving a letter, mailed FOBT kit with literacy, and culturally appropriate pamphlet with instructions to 31% among those who additionally received telephone reminders and a home visit from the clinic medical assistant (49) . However, these studies focused on initial screening and not repeat screening.
Few studies have focused on increasing colorectal cancer screening completion in community clinics over multiple years. A recently initiated randomized clinical trial by Baker (33) is evaluating the comparative effectiveness of a multifaceted intervention to improve repeat FOBT 132 (29) 20 (20) 53 (34) 59 (29) 70-85 39 (8) 9 (9) 12 (8) 18 (9 literacy materials, automated phone and text message reminder, in-person follow-up calls from a colorectal cancer Screening Coordinator, and communication of results to patients along with a reminder card highlighting when the patient is next due for screening). The results of this study have yet to be reported. Our finding that repeat FOBT screening rates were highest among community clinic patients who received on-going telephone support by their nurse manager are similar to those recently reported with insured patients. These studies found greatest improvement in regular colorectal cancer screening adherence (by any recommended means) among patients who received a mailed reminder, pamphlet, and FOBT kit with pictorial instructions coupled with telephone outreach by a nurse providing motivational counseling (30, 50) . In light of all of these findings, one conclusion might be that more intensive resources, such as dedicated time by a nurse or care coordinator will likely be needed for a colorectal cancer screening promotion program to be successful over time. Our findings further indicate that personal supportive follow-up, although costly, may be particularly important for community clinic patients. Pending the findings of the Baker study, leveraging available electronic health records and clinician decision support, as well as consumer mobile technologies (i.e., SMS text reminders) to automate many of the tracking and follow-up functions may also be an effective means to impart interventions at low cost.
There also may be lessons to be learned from public health colorectal cancer screening projects abroad where FOBT kits are mailed from a centralized health service to eligible individuals. These programs have been successful at initiating and sustaining FOBT screening, however, the onset of these initiatives are still relatively recent (15, 34, 51, 52) and the mechanisms explaining successful repeat screening strategies are not entirely clear. Of note in these population-based programs, which in essence reduce geographic and cost barriers (in many countries there is no cost to patients), inequities were still found among those from rural areas and those of lower socioeconomic status (50) . This may indicate a need for a more personal follow-up to sustain screening among these groups. Although the cost for implementing the nurse arm is not affordable for community health centers that operate with limited financial resources, it is possible that modifications of the intervention could be clinically effective and also affordable. If a less expensive clinic staff such as a medical assistant was used, estimates could decrease to $495 per additional patient completing repeat screening; an 80% reduction in cost. This may be a reasonable approach because the main reason patients gave the nurses during the phone calls for not returning their FOBTs were not fear of finding cancer, but that they had lost the kit or they forgot to complete the test or mail it to the clinic. These FOBT barriers are supported by other studies in safety net settings, which found that patients reported similar barriers as the primary reason patients failed to complete an FOBT (53) . However, this approach still might not be affordable among these clinics.
Because FQHCs have recently added colorectal cancer screening as a quality indicator (21) , there may be greater incentives to take on an organized regional approach to colorectal cancer screening (4, 15) by structuring a collaborative outreach program using a designated medical assistant to mail FOBT kits and provide follow-up reminder calls for patients from multiple clinics.
Limitation
This study has several limitations. Differences were noted between arms in sociodemographic characteristics and adjustments were therefore made in the statistical analyses. Other limitations relate to the generalizability of the results, which included predominantly AfricanAmerican and female patients receiving care from FQHCs in one state. However, this is representative of FQHC populations in the southern region of the United States. Half of the sample had low literacy, which is more common in older, lower-income populations. No information was gathered on patients who refused to participate at enrollment, although this was a very small proportion of approached patients (3%). No process measures were collected to evaluate whether the nurses delivered motivational interviewing during the phone calls, however information was collected on the number of patients reached and the number of calls made to each patient. Another limitation was that there was no true usual care arm. Because of ethical concerns and to ensure that every patient in the study had access to a screening kit, the central research assistant mailed out the FOBT kits to every patient who qualified in the enhanced care arm. Also, it is possible that there may be unmeasured patient factors such as social support, number of clinic visits, and changes in comorbidity that could be attributed to repeat screening completion. Further studies might explore such barriers. Our cost-effectiveness analysis is based on evaluation of the incremental effectiveness and costs of FOBT testing via different interventions. Finally, the study design was quasi-experimental. However, Glasgow and colleagues (54) indicated that quasi-experimental approaches (e.g., modeling, convenience sampling, limited number of settings) rather than randomized clinical trials are used commonly in comparative effectiveness research for pragmatic reasons.
Conclusions
For FOBT screening to be an effective measure for colorectal cancer detection, it must be an annual event-and hence strategies for improving repeat screening must be developed, particularly in resource challenged settings. This study's findings illustrate a need to provide more than a mailed reminder, FOBT kit, and simplified instructions to sustain FOBT screening rates annually in community clinics. In fact, written material alone-no matter how literacy appropriate, may not be effective with patients with low literacy. Helping disadvantaged populations will likely require more personal outreach and ongoing support, although these approaches will be difficult to support in economically challenged environments. Telephone follow-up and support by a dedicated clinic nurse is more effective, however it is too costly to implement in resource limited settings. Future research should explore leveraging less-expensive clinic staff, distributing the workload over multiple clinics, or possibly using electronic health record technology or automated phone calls to offset some of the costs that may likely be necessary to maintain the success of a screening program that requires annual follow-up. 
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